The electrical activity of the antrum and proximal duodenum was recorded simultaneously with bar pressing for food in various feeding conditions. During restricted feeding (RF; food available from 1200 to 1600 hr; lights-on from 0800 to 2000 h), large-amplitude slow potentials of duodenal origin were observed 3-5 hr preceding food access. These potentials occurred in short trains at irregular intervals of approximately 1 min and appeared to be associated with the active phase of the migrating motility complex. At least 8-10 days on RF were required before these irregular contractions (ICs) reliably preceded food access. The distribution of ICs showed a circadian variation during food deprivation, and transients lasting 4-6 days were observed in response to 6or 8-hr phase delays of food access. These observations suggest that ICs are modulated by a circadian mechanism. On the average, the increase in ICs occurred about 2 hr earlier than bar pressing in anticipation of food, and there was no specific relation between individual ICs and bar pressing. However, bar pressing frequently occurred 0.5 min or longer after an increase in electromyogram (EMG) amplitude. Unreinforced bar pressing was never observed during a quiescent EMG.
When food access is limited to a particular time of day, a number of behaviors and physiological functions become displaced from their normal phase position within the circadian cycle (for review, see . At least some of these effects appear to be mediated by a circadian pacemaker. In particular, the increase in behavioral activity prior to food access (anticipatory activity) observed in the rat (Richter, 1922) occurs only when the period of food access is between 22 hr and 30 hr Stephan, 1981) . This activity persists, or &dquo;free-runs,&dquo; if restricted feeding (RF) is followed by food deprivation Stephan, 1981) , and the activity reappears at the expected time when rats are deprived of food following an intervening period of ad libitum feeding (Coleman et al., 1982; Rosenwasser et al., 1984; Clarke and Coleman, 1986 ). Furthermore, phase shifts of food access time result in transients in this activity (Stephan, 1984 (Stephan, , 1986b . These circadian properties are not abolished by lesions of the suprachiasmatic nucleus (SCN), although such lesions abolish or severely disrupt many circadian rhythms that are normally entrained to light-dark (LD) cycles Stephan, 1981 ; Clarke and Coleman, 1986 ). The results of these studies imply the existence of two circadian pacemaking systems with distinct anatomical loci of control. One system is entrained by LD cycles, the other by periodic feeding (Stephan, 1986a,b) .
Since food is an entraining signal (zeitgeber) for a number of functions, the response of the gastrointestinal (GI) system to RF is of considerable interest. Circadian rhythms in the mitotic activity in the alimentary canal of the mouse have been studied extensively (for review, see Scheving et al., 1983) . Some of these rhythms apparently persist after SCN lesions, and many are phase-displaced by RF (Scheving et al., 1983) . Circadian rhythms in duodenal disaccharidases have been thoroughly investigated. In rats, these enzyme rhythms develop after weaning ; they persist in constant lighting conditions (Stevenson and Fierstein, 1976; Nishida et al., 1978) ; and they free-run in food deprivation, although their amplitude diminishes rapidly over 2-3 days (Saito et al., 1976) . When food access is restricted to a few hours in the light period, enzyme levels rise 2-4 hr prior to food availability (Saito, 1972; Saito et al., 1976; Stevenson and Fierstein, 1976) . In rats fed at 32-hr intervals for 20 days and then deprived of food, a near-24-hr enzyme rhythm is observed, and in rats fed every 48 hr, a 24-hr enzyme rhythm is displayed (Saito et al., 1980) . Disaccharidase rhythms can be demonstrated in rats fed orally or by cyclic intravenous feeding, but they are attenuated or abolished by continuous intravenous feeding (Stevenson et al., 1980) .
These results indicate that the GI system not only responds passively to nutrients but anticipates the time of feeding, and that the latter function may be mediated by a circadian system. The purpose of the present study was to monitor chronically the electromyogram (EMG) of the stomach and duodenum in various feeding conditions and to correlate motility changes prior to food access with a behavioral measure of entrainment (i.e., bar pressing in anticipation of food).
METHODS

SUBJECTS AND SURGICAL PROCEDURES
A total of seven Sprague-Dawley rats (six adult males and one female) were used in this study. Under barbiturate anesthesia (Nembutal 0.08 ml/100 g body weight; atropine sulfate, 0.05 ml), Ag/AgCI electrodes embedded in a silicone ring were sutured to the surface of the fundus, antrum, and duodenal bulb, and about 2 cm distal to the duodenal bulb. Teflon-coated electrode leads (stranded stainless steel, 0.23 mm diameter) were secured with sutures to the abdominal wall and then fed subcutaneously to the head. Leads were crimped to a miniature connector that was attached to the skull with jewelers' screws and dental cement. All incisions were then sutured and treated with topical antibiotics, and the rat was given an injection (i.m.) of Amoxicillin (1 mg/100 g body weight). Animals were given a postoperative recovery period of at least 7 days prior to the electrophysiological recording. _ ELECTROPHYSIOLOGICAL RECORDING During recording, six animals were placed in a modified operant chamber. Water was available ad lib. from a sipper tube, and food was obtained by bar pressing. In ad lib. conditions or during RF, one food pellet (45 mg; Noyes Co., Lancaster, NH) was delivered through a magazine for every four bar presses. Feeding schedules (i.e., activations of the food magazine) were under computer control. No external signal was given to indicate when bar pressing was reinforced. All bar presses were monitored by computer and stored on disk every 10 min. In addition, bar presses were simultaneously recorded on the EMG chart. During RF, bar pressing was reinforced for 4 hr per day.
For electrophysiological recording, animals were connected to a commutator. Typically, bipolar records were obtained from the electrode on the antrum and on the duodenal bulb. Signals were fed to a direct current (DC) amplifier (Grass Inst., Quincy, MA) in alternating current (AC)-coupled mode with a time constant (TC) of 0.8 sec, and were recorded at a chart speed of 10 mm/min. Other electrode combinations and chart speeds were used to identify the source and characteristics of signals and are described in &dquo;Results,&dquo; below.
PROCEDURES
The emphasis of this study was on GI motility during RF. When possible, other feeding conditions were imposed to gather additional information. Because of occasional recording problems, it was not possible to use a standard procedure for each subject. Records were obtained in ad lib. conditions prior to experience with RF (three cases), food deprivation prior to RF (two cases), RF (seven cases), food deprivation after RF (three cases), ad lib. conditions after RF (three cases), and 6or 8hr phase delays of food access (four cases). For one rat (G2), food was delivered and removed manually during the phase shift. For all other rats, the sequence and duration of these manipulations can be seen in the event records shown in Figures 2 and 3, below. All rats were maintained on an LD 12:12 cycle (lights-on at 0800 hr) throughout the experiment.
In vitro studies of electrophysiological and mechanical activity of the duodenum are still in progress and are described only briefly here. A 2-cm section of duodenum was suspended in an organ bath at 22°C or 36°C and continuously perfused with medium (Trowell T8, Gibco; 50ml/hr). The medium was continuously bubbled with 95% 02/5% C02 and buffered to a pH of 7.4. Mechanical activity was monitored by means of a strain gauge (Grass FT 0.3), and monopolar electrical activity was recorded from the proximal and distal duodenum from attached Ag/AgCI electrodes at a chart speed of 10 mm/min.
RESULTS
, '
ELECTROPHYSIOLOGY The primary purpose of this study was to identify a change in GI activity preceding food access in rats maintained on RF. A continuous record for the last 4 hr prior to food access for rat G6 is shown in Figure 1 . For each hour, the upper trace represents unreinforced bar pressing, and the second and third traces are bipolar records between antrum and duodenal bulb. The trace labeled &dquo;AC&dquo; was recorded by means of an AC amplifier (low-frequency filter at 0.1 Hz; high-frequency filter at 0.1 kHz). The trace labeled &dquo;DC&dquo; was recorded from the same leads through a DC amplifier (TC = 0.8; high-frequency filter at 3 Hz). The large-amplitude asymmetrical potentials that appeared at irregular intervals in the DC trace satisfied a number of desired criteria: They were easy to identify, they could be recorded at slow paper speeds (10 mm/min), and they were most numerous preceding food access (see below). Recordings at higher speeds showed that these potential shifts had a rise-and-fall time of about 10 sec, and consequently they did not appear in the AC trace. However, the AC trace indicated that these slow-potential shifts were followed by a burst of highfrequency activity lasting from 0.5 min to about 3 min. The high-frequency activity consisted of trains of fast spikes with a burst frequency of about 32 per min-that is, the frequency of the duodenal basal electrical rhythm (BER) in the rat (Scott and Summers, 1976) . The amplitude of the slow potential showed some correlation with the duration of the fast-spike bursts. However, fast-spike bursts also occurred in the absence of slow-potential shifts. The slow-potential shifts were not observed in bipolar records between the fundus and antrum. Consequently, both the slow-potential shifts and the fast-spike bursts reflected duodenal activity. When these slow potentials occurred in trains, the average interval was about 1 min, although there was considerable variability (M = 59 sec, SD = ± 28 sec; based on 492 interevent intervals between 24 and 120 sec for four different rats).
Records obtained in vitro (Fig. 1 , bottom) indicated that these events were intrinsic to the duodenum. Two monopolar records are shown from an electrode on the proximal (orad) and distal (aborad) segment of a piece of duodenum about 2 cm in length. These traces were recorded through a DC amplifier (AC-coupled, TC = 0.1, high-frequency filter at 10 Hz). The last trace in the figure shows a simultaneous strain gauge record of motility. The EMG and the strain gauge demonstrated a rhythm of about 9-10 cycles per minute (cpm), which corresponds to the duodenal BER (32 cpm at 36°C) with a Ql, of about 2.2. In addition, large potential shifts occurred at irregular intervals in the EMG. Some of these appeared only in the proximal trace, suggesting limited propagation. In all cases, the potential shifts were accompanied by large increases in tension (shown in the Figure as a downward deflection). The amplitude of the tension change was greatest when the slow-potential shifts appeared in both proximal and distal traces. Like the slow-potential shifts observed in vivo, the tension changes and slow potentials in vitro occurred either in isolation or in trains with an average interval of 132 sec (SD = ± 54 sec; based on 144 events with an interval of less than 4 min).
The irregularity of this event and the average interval (assuming Qlo -= 2) suggest that the slow-potential shifts observed in vitro correspond to those recorded in vivo, that they are of duodenal origin, and that they are associated with contractile activity. At this point, we propose the descriptive term &dquo;irregular contraction&dquo; (IC) for this event. The distribution of ICs appears to be similar to the &dquo;minute rhythm&dquo; described in the fasted jejunum of the rabbit, cat, dog, sheep, and pig (Fleckenstein et al., 1982) . However, because of differences in species, recording, procedures, and so on, it is not certain that the ICs observed here in the rat are identical with the minute rhythm. Furthermore, the ICs appear to be related to the migrating motility (or myoelectric) complex (MMC), which occurs during the interdigestive interval in a number of species (Szurszewski, 1969;  Thomas and Kelly, 1979) , including the rat (Morrison et al., 1958; Ruckebush and Fioramonti, 1975) . Based on several days of AC recording in two rats, it seems likely that ICs occur during the irregular bursting phase of the MMC. However, it was difficult to identify the phases of the MMC reliably, particularly in the DC records that constitute the bulk of the data. Figure 1 also shows that unreinforced bar pressing was associated with increased EMG amplitudes, especially during the last 2 hr preceding food access. While not all increases in GI activity were accompanied by bar pressing, bar pressing never occurred when the EMG amplitude was low. This relationship is described more fully below. AD LIB. FOOD ACCESS z Figures 2 and 3 show event records of bar pressing for six of the seven rats and the manipulations of food access during chronic recording of GI activity. For three rats, GI activity was recorded over a number of days prior to any manipulation of food FIGURE 2. Event records of bar pressing. Bar on top indicates LD cycle. Days are shown in the left margin, and lines enclose time of food access. Bracket in right margin indicates days selected for EMG analysis during RF (cf. Fig. 6 ). AL, ad lib.; RF, restricted feeding; FD, food deprivation; S, surgery (for this rat, EMG recording began on day 14). access. The distribution of bar pressing for food shows the nocturnal feeding pattern typical of the rat (Fig. 2, G3 ; Fig. 3 , G6, G7). Over a 5-day ad lib. segment, rats G3, G6, and G7 consumed 75%, 73%, and 70%, respectively, of their daily food during the 12-hr dark period. Rat G2 (Fig. 2 ) had previously been exposed to RF but was placed in ad lib. feeding after the electrode implants. The distribution of bar pressing for this rat was also highly nocturnal.
ICs were scored based on frequency (irregular interval, separation > 30 sec) and amplitude (at least twice that of general activity). The daily distribution of ICs averaged over 5 consecutive days for two rats is shown in Figure 4 (top panels). Although the incidence of ICs was higher in rat G6, both animals showed a similar temporal distribution of this event. The number of ICs began to increase during the middle of the day and reached a peak near the end of the light period. At the beginning of the dark period, there was a precipitous decline in ICs, and they remained at a low level during the night and early morning. During the dark period, GI activity consisted predominantly of synchronized 5to 6-cpm activity, indicative of antral contractions (Bueno et al., 1982) (cf. Fig. 5 , below, during and after food access). The amplitude and duration of antral activity gradually decreased during the light period, and the frequency declined to 4-5 cpm. During the remainder of the light period, EMG activity consisted of alternating periods of quiescence and activity (including ICs), presumably corresponding to the MMC. The amplitude of antral activity was clearly related to reinforced bar pressing (i.e., food intake), in that it was largest and most sustained shortly after the initiation of, during, and 30 min to 1 hr after sustained bouts of reinforced bar pressing. 
FOOD DEPRIVATION
Rats G6 and G7 were exposed to 36 hr of food deprivation, beginning at lights-on. The distribution of bar pressing (unreinforced) remained nocturnal (Fig. 3) . During the last 12 hr of dark and 12 hr of light, rat G6 produced 932 versus 348 bar presses, and rat G7 produced 784 versus 23 bar presses.
The distribution of ICs during food deprivation is shown in Figure 4 (bottom panels). For both rats, the number of ICs increased substantially. However, the overall pattern of ICs indicated a diurnal variation. In particular, the number of ICs decreased during the dark period, although no food was consumed. Large-amplitude antral activity was not observed during food deprivation. Low-amplitude 4-cpm activity, lasting 10-20 min, alternated with periods of quiescence, irregular low-amplitude activity, and ICs.
Unreinforced bar pressing occurred during increased GI activity and was never observed during quiescent periods. However, not all periods of GI activity were accompanied by bar pressing.
TRANSITION FROM AD LIB. TO RF The temporal redistribution of bar pressing and ICs from ad lib. to RF (food access from 1200 to 1600 hr) was examined in three rats (Fig. 2, G3; Fig. 3, G6, G7 ). In all three rats, unreinforced bar pressing gradually diminished during the dark phase of the LD cycle and increased during the hours preceding food access. At least 12 days on RF were required until bar pressing reliably anticipated food access.
The redistribution of ICs was similar to that of bar pressing, in that ICs gradually shifted toward the hours preceding food access and diminished at other times. The change in the distribution of ICs was too gradual to identify a particular day of &dquo;entrainment&dquo; or stability. However, after 8-10 days of RF, most ICs occurred in the last 5 hr preceding food access.
RESTRICTED FEEDING
After prolonged exposure to RF, 90% or more of unreinforced bar presses occurred during the 2-3 hr preceding food access (Figs. 2, 3) . The duration of anticipatory bar pressing was estimated from data averaged at 0.5-hr intervals over 5 or 6 consecutive days. The first 0.5 hr in which the bar-pressing rate was at least twice that of background was taken as the beginning of anticipatory bar pressing. The average estimated durations of anticipatory bar pressing for individual rats were as follows: G2, 3.2 hr; G3, 2.7 hr; G4, 2.2 hr; G5, 1.9 hr; G6, 4.1 hr; and G7, 2.3 hr. During food access, bar pressing increased sharply, and most reinforcements were obtained within the first 2 hr of food access. A 5-day average for the group was 637 responses during the first 2 hr and 330 responses during the last 2 hr of food access. For individual rats, food consumption on a given day was not significantly correlated with the duration of anticipatory bar pressing on the following day (r = 0.16, n.s.; based on a total of 33 deviations from means over 5 or 6 consecutive days for six rats).
A complete day of GI activity during RF for rat G5 is shown in Figure 5 . ICs began to appear at about 1700 hr and were most numerous in the hour preceding food access (at 2100 hr). Following the first bout of bar pressing (and feeding), the record shows large-amplitude 5-cpm activity of the antrum. This activity gradually diminished in amplitude and became less sustained. ICs were infrequent until the anticipation period on the following day. In all rats, the distribution of ICs were clearly influenced by RF. In particular, the incidence of ICs was low throughout most of the day but increased markedly about 4 hr prior to food access (Fig. 6 ). The onset of &dquo;anticipatory&dquo; ICs was defined as the first of three consecutive 30-min intervals in which counts were at least twice that of the average of the preceding three intervals. This method was used for the 8 hr preceding food access, since some rats retained a peak in ICs near lights-off. The average times of increase in ICs (based on 6 days) in anticipation of food access for individual rats were estimated as follows: Gl, 3.5 hr; G2, 3.6 hr; G3, 5.3 hr; G4, 3.5 hr; G5, 5.3 hr; G6, 5.7 hr; and G7, 4.6 hr.
In all six cases where simultaneous records of bar pressing and GI activity were obtained, the increase in ICs above background preceded anticipatory bar pressing by an average of 1.9 hr (range, 0.4 hr for rat G2 to 3.4 hr for rat G5). On individual days, ICs preceded bar pressing by as much as 4 hr, whereas on other days both FIGURE 6. Distribution of irregular contractions per 30 min averaged over 5 days of restricted feeding. Hatched bars indicate time of food access. Rat Gl was fed manually; rats G2-G7 obtained food by bar pressing. increased in the same 0.5 hr. Furthermore, unreinforced bar-pressing bouts were not tightly correlated with individual ICs or short trains of ICs. On the other hand, animals never pressed the bar when the EMG amplitude was low. Bouts of bar pressing (defined as four or more responses, separated by less than 10-min intervals) often followed increases in EMG amplitude (presumably the active phase of the MMC) by 0.5 to 6 min, especially during the 2 hr preceding food access. However, 2-4 hr before food access, similar increases in GI activity often occurred without bar pressing (cf. Fig. 1 ) or other signs of behavioral activation (i.e., rats were mostly in a sleeping posture during this interval).
The amount of food consumed was not correlated with the time of increase in anticipatory ICs on the following day (r = 0.02, n.s.; based on a total of 33 deviations from means over 5 or 6 consecutive days for 6 rats). However, the average total food intake for each rat was significantly correlated with the average time of increase in ICs (r = -0.85, p < 0.05; n = 6) but not with the average time of increase in bar pressing (r = -0.02, n.s.). _
FOOD DEPRIVATION OR AD LIB. AFTER RF
After bar pressing and ICs appeared to be stable on RF, rats G2, G6, and G7 were deprived of food for 44 hr, while rats G3 and G4 were placed on ad lib. for 1 or 4 days, respectively, prior to a 44-hr food deprivation period. On the day of food deprivation, unreinforced bar pressing was highest throughout the expected food access period and terminated near the end (G2, G3, G6, G7) or 2.5 hr after the end (G4) of expected food access.
The distribution of ICs during food deprivation is shown in Figure 7 . Like bar pressing, ICs continued throughout the expected food access time and then declined to lower levels. ICs increased again prior to the next food access period. Of further interest was the observation that a considerable amount of antral activity (low amplitude, 4-5 cpm) was observed during and shortly after expected food access, although no food had been ingested. For animals placed in ad lib. following RF, no clear indication of an increase in ICs near the previous food access time was observed. However, the EMG of these rats was dominated by high-amplitude antral activity that made it difficult to identify ICs. During food deprivation after ad lib., ICs reached a peak at the same time as on the previous RF schedule (Fig. 7, G3, G4 ).
PHASE SHIFT OF FOOD ACCESS
On the day of the 8-hr phase delay of food access, rats, pressed the bar throughout most of the customary food access time and then reduced bar pressing for the next 4 hr. However, all three rats pressed the bar again during the phase-displaced food access time (Figs. 2 and 3) . Rats G6 and G7 missed the first 0.5 hr of access, while G4 worked during the first 1.5 hr but then stopped. None of the rats showed smooth daily delaying transients in bar pressing. For rats G6 and G7, about 18 days were required until the duration of anticipatory bar pressing was similar to preshift values. Rat G4 pressed the bar 0.5 hr prior to the phase-displaced food access time on all but 1 of the 7 available days after the phase shift. In addition, some bar pressing occurred during the preshift access time. For this rat, a broken electrode lead forced the termination of the experiment.
The response of ICs to phase delays was examined in one additional rat (G2) for which food was delivered and removed manually. For this rat, food access time was 2 hr and the phase delay was 6 hr. On the day of the phase shift, all rats showed a continuation of ICs through the customary feeding time, but ICs declined prior to the new access time (Fig. 8 ; G6 not shown). On the day after the phase shift, all rats showed a distinct delay in the onset of ICs, and smaller delays occurred on subsequent days. Four to six days after the shift, ICs appeared to be re-entrained to food access (Fig. 8, bottom panels) . In rats G6 and G7, a rise in ICs at the old phase position persisted for 2-3 days after the shift of food access.
DISCUSSION
The results show a distinct change in the activity of the GI tract prior to food access when rats are maintained on an RF schedule. This change consists of slow potentials with a large amplitude that occur at irregular intervals. Undoubtedly, other changes in the EMG would be observed prior to food access with different electrodes, filter settings, and so forth. However, this event was selected primarily because it could be recorded at slow paper speed and because it was easy to quantify. The slow potentials appear to originate in the proximal duodenum (or duodenal bulb); they are followed by brief bursts of activity at the frequency of the duodenal BER (Scott and Summers, 1976) , and preliminary in vitro results show that this event is intrinsic to the duodenum and is associated with a sustained mechanical contraction.
Whether or not these irregular contractions are identical to the &dquo;minute rhythm&dquo; observed in other species (Fleckenstein et al., 1982) , and their precise relation to the MMC, are issues that require further study.
The results indicate that the incidence of ICs is related in part to the absence of food in the GI tract. The number of ICs increases prior to nocturnal feeding in ad lib.-fed rats, prior to feeding in RF rats, and during food deprivation. However, the following observations suggest that additional factors play a role. Although the anticipatory increase in ICs occurred somewhat earlier in rats with low food intake, the daily time of increase in ICs was not significantly correlated with food intake on the previous day. In rats fed for 2 hr per day, most gastric emptying occurs during the first 8 hr after feeding, and little or no food is left in the stomach 12 hr after feeding (Lima et al., 1981) . The reduction in amplitude and frequency of antral activity 8-10 hr after feeding observed here also suggests that the stomach is empty several hours prior to the pronounced increase in ICs. Furthermore, during food deprivation, either prior to or after exposure to RF, the occurrence of ICs did not become asymptotic. Rather, the number of ICs increased and they persisted for a longer duration, but then declined before they increased again on the next day. During the transition from ad lib. to RF, the reorganization of ICs was gradual and required at least a week.
These responses are similar to those observed in other functions that are known to be, or suspected of being, under circadian control.
The entrainment of wheel running to RF can occur as early as 2 days after restriction but often takes 1-2 weeks (Stephan, 1986a) , and this activity, as well as unreinforced bar pressing Stephan, 1981) , persists for several days when rats are deprived of food. Physiological functions that become entrained to RF, including corticosterone (Kato et al., 1980) , intestinal enzymes (Saito et al., 1976) , and mitotic activity in the GI tract (Scheving et al., 1983) , also persist in food deprivation. Although 44 hr of food deprivation is insufficient to establish a freerunning rhythm, the results indicate that the distribution of ICs is not entirely due to the absence of food. When RF was followed by ad lib. feeding for 1 or 4 days prior to food deprivation, the increase in ICs was still related to the previous feeding time. This phenomenon has been observed with wheel running even after several weeks of intervening ad lib. feeding (Coleman et al., 1982; Rosenwasser et al., 1984; Clarke and Coleman, 1986) .
In response to 6or 8-hr phase delays of food access, ICs required at least 4 days to re-entrain to the phase-displaced food access. In rats with SCN lesions, anticipatory wheel running also re-entrains rapidly (5-8 days) to 8-hr delays of food access (Stephan, 1984) . However, in intact rats, transients are either absent or persist for up to 18 days (Stephan, 1986b) . This was also the case for bar pressing in the present study; transients in anticipatory bar pressing were irregular or indistinct, and re-entrainment required at least 2 weeks. The discrepancy in transients between bar pressing and ICs could be the result of mediation by different pacemakers, differential coupling, or the overriding influence of other factors. At this point, it is not possible to distinguish among these alternatives. The results of recent studies (Stephan, 1984 (Stephan, , 1986a suggest that transients in bar pressing and ICs would follow a similar time course in rats with SCN lesions.
A comparison of the time course of anticipatory ICs and anticipatory bar pressing (unreinforced) shows that on the average the increase in ICs preceded bar pressing by almost 2 hr, with considerable day-to-day variability, and that bar pressing was poorly correlated with individual ICs. Consequently, although ICs increased before bar pressing, it is unlikely that ICs are associated with a neural signal to the brain to engage in food-seeking activity. On the other hand, if ICs are caused by or related to a peptide or other gut hormone (Thomas and Kelly, 1979) , the possibility that the gradual accumulation of a humoral signal has an activating effect on the brain cannot be ruled out. In the rat, substance P, kassinin, and neurokinin A have pronounced phasic motor effects on the duodenum (Maggi et al., 1986) , and in the dog, the release of motilin appears to be associated with contractions during the interdigestive period (Itoh et al., 1978) .
In the present study, there was a clear association between a general activation of the EMG and unreinforced bar pressing. Rats virtually never pressed the bar when EMG activity was low. On the other hand, several hours before food access, bar pressing often occurred shortly after activation of the EMG. Given the recording conditions of this study, the observed EMG activation consisted primarily of lowamplitude 4-cpm activity-presumably of antral origin, since events at frequencies of the duodenal BER were attenuated by filters. Again, it must be noted that not every instance of EMG activation was accompanied by bar pressing. At this point, it appears that unreinforced bar pressing for food in RF conditions is modulated, but not directly driven, by the active phase of the MMC. In the food-deprived rat, the MMC consists of alternating phases of quiescence and activation at 15to 20-min intervals (Morrison et al., 1958; Ruckebush and Fioramonti, 1975) . In the conditions of the present study, the MMC appeared less regular, and it was difficult to delineate the phases of the MMC clearly in most records. However, the observed relation between EMG activation and food-seeking behavior merits further investigation. Neither the time of increase of anticipatory ICs nor the duration of anticipatory bar pressing was significantly correlated with food intake on the previous day. This suggests that time of day, rather than nutritional status, determines these responses.
Recent studies have shown nocturnal (possibly circadian) variations in GI motility (Ritchie et al., 1980) and in the propagation velocity of the MMC in humans, sheep, and pigs (Kumar et al., 1986) . In general, the present results are consistent with the interpretation that the occurrence of ICs is modulated by a circadian mechanism. However, additional studies are necessary to strengthen this conclusion. In particular, it will be interesting to study the circadian control of GI signals that are more tightly correlated with behavioral food-seeking responses. 
